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NOISE AND VIBRATION DAMPER FOR A
VEHICULAR DRIVESHAFKT ASSEMBLY

BACKGROUND OF THE INVENTION

This mvention relates 1 general to noise and vibration
dampening structures for use with rotating articles, such as
a driveshaft assembly in a vehicular drive train system. In
particular, this invention relates to an improved structure and
method of manufacturing such a noise and vibration damper
for use on a component of a vehicular driveshaft assembly.

Drive train systems are widely used for generating power
from a source and for transiferring such power from the
source to a driven mechanism. Frequently, the source gen-
erates rotational power, and such rotational power 1s trans-
terred from the source to a rotatably driven mechanism. For
example, 1n most land vehicles in use today, an engine/
transmission assembly generates rotational power, and such
rotational power 1s transferred from an output shait of the
engine/transmission assembly through a driveshait assembly
to an input shaft of an axle assembly so as to rotatably drive
the wheels of the vehicle. To accomplish this, a typical
driveshaft assembly includes a hollow cylindrical driveshatt
tube having a pair of end fittings, such as a pair of tube
yokes, secured to the front and rear ends thereof. The front
end fitting forms a portion of a front universal jomnt that
connects the output shait of the engine/transmission assem-
bly to the front end of the driveshaift tube. Similarly, the rear
end fitting forms a portion of a rear universal joint that
connects the rear end of the driveshaift tube to the input shaft
of the axle assembly. The front and rear universal joints
provide a rotational driving connection from the output shaft
of the engine/transmission assembly through the driveshatt
tube to the mput shaft of the axle assembly, while accom-
modating a limited amount of angular misalignment
between the rotational axes of these three shafits.

One problem that 1s often encountered 1n vehicular drive-
shaft assemblies and other rotatable structures 1s that they
tend to transmit and amplily undesirable noise and vibration
that are encountered during operation. For example, in the
context of the above-described vehicular drive train system,
it 1s known that the meshing of the gears contained within
the engine/transmission assembly and within the axle assem-
bly can generate undesirable noise and vibration. Such noise
and vibration can be transmitted and amplified by the
relatively lengthy driveshaft assembly that 1s connected to
the output shaft of the engine/transmission assembly and to
the 1input shaft of the axle assembly, as described above. In
order to provide the passengers with a more quiet and
comfortable ride, i1t has been found to be desirable to
mimmize the transmission and amplification of such noise
and vibration by the vehicular driveshaft assembly.

To accomplish this, 1t 1s known to provide a noise and
vibration damper on one or more components of the vehicu-
lar drniveshaft assembly. A typical noise and vibration
damper includes an inner annular member that 1s press {it
onto an outer surface of the component of the driveshatit
assembly, an outer annular member that 1s disposed about
the inner annular member, and a layer of an elastomeric
material that extends between the inner and outer annular
members. In the past, the mner annular member has been
formed from a ring of steel that was machined to a desired
shape, while the outer annular member has been formed
from a ring of steel or cast iron that that was also machined
to a desired shape. Although effective, this structure has been
found to be relatively heavy and expensive to manufacture.
Thus, it would be desirable to provide an improved structure
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and method of manufacturing a noise and vibration damper
for use with a rotatable structure, such as a driveshait

assembly for a vehicular drive train system, that i1s lighter
and less expensive to manufacture than known dampers.

SUMMARY OF THE INVENTION

This invention relates to an i1mproved structure and
method of manufacturing a noise and vibration damper for
use with a rotatable structure, such as a driveshait assembly
for a vehicular drive train system, that 1s relatively light and
inexpensive to manufacture. The noise and vibration damper
includes an 1nner member, an intermediate elastomeric
member that extends about the inner member, and an outer
member that extends about the intermediate elastomeric
member. The mner member 1s formed from a sheet of
material that has been deformed to a desired shape, while the
outer member 1s formed from a tube of material having a
length that 1s selected to provide the desired dampening
frequency. The natural resonant frequency of the noise and
vibration damper can be adjusted by varying either or both
of the shape of the inner member or the axial length of the
outer member of the noise and vibration damper. In both
instances, the weight distribution of the components of the
noise and vibration damper is altered. As a result, the
rotational inertia (and, therefore, the natural resonant fre-
quency) of the noise and vibration damper can be altered to
absorb the undesirable noise and vibration applied to the
drive train system and to mimimize the amount of such noise
and vibration that 1s transmitted and amplified by the drive
train system.

Various objects and advantages of this invention will
become apparent to those skilled 1n the art from the follow-
ing detailed description of the preferred embodiment, when
read 1n light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevational view, partially 1n cross section,
of a portion of a vehicular drive train system including a
noise and vibration damper installed on a slip yoke in
accordance with this invention.

FIG. 2 1s an enlarged perspective view of the noise and
vibration damper and the slip yoke illustrated in FIG. 1.

FIG. 3 1s a further enlarged sectional elevational view of
the noise and vibration damper and the slip yoke 1llustrated
in FIGS. 1 and 2.

FIG. 4 1s a flow chart of a method 1n accordance with this
invention for manufacturing and installing the noise and
vibration damper illustrated in FIGS. 1, 2, and 3 on the drive
train system.

FIG. 5 1s an enlarged sectional elevational view, similar to
FIG. 3, of a prior art embodiment of a noise and vibration
damper stalled on a slip yoke.

L1

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

Referring now to the drawings, there 1s illustrated in FIG.
1 a portion of a drive train system, indicated generally at 10,
for a vehicle that 1s adapted to transmit rotational power
from an engine/transmission assembly (not shown) to a
plurality of driven wheels (not shown). The illustrated drive
train system 10 1s, 1n large measure, conventional in the art,
and only those portions of the drive train system 10 that are
necessary for a complete understanding of this mmvention
will be described and illustrated. Also, the i1llustrated drive
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train system 10 1s intended merely to show one representa-
tive environment 1in which this mnvention may be used. Thus,
the scope of this invention 1s not mtended to be limited for
use with the specific structure for the vehicle drive train
system 10 1llustrated i FIG. 1 or to vehicle drive train
systems 1n general. On the contrary, as will become apparent
below, this mnvention may be used 1n conjunction with any
desired component or article that rotates during use.

The engine/transmission assembly 1s conventional in the
art and includes an externally splined output shaft (not
shown) that 1s connected to a slip yoke, indicated generally
at 11. The slip yoke 11 1s conventional in the art and includes
a hollow sleeve portion 11a having a smooth cylindrical
outer surface and an internally splined inner surface (not
shown). The internally splined mnner surface of the sleeve
portion 1la of the slip yoke 11 engages the externally
splined output shait of the engine/transmission assembly 1n
a known manner. As a result, the slip yoke 11 1s rotatably
driven by the output shait of the engine/transmission assems-
bly, but 1s free to move axially relative thereto to a limited
extent.

The slip yoke 11 further includes a yoke portion 115 that
forms one part of a first umiversal joint, indicated generally
at 12. The first universal joint 12 1s also conventional in the
art and includes a first tube yoke 13 that 1s connected to the
yoke portion 115 of the slip yoke 11 by a first conventional
cross assembly 14 1n a known manner. The first tube yoke 13
1s secured, such as by welding, to a first end of a driveshatt
tube 15 for rotation therewith. The first universal joint 12
thus provides a rotational driving connection between the
output shaft of the engine/transmission assembly and the
first end of the driveshatt tube 15, while permitting a limited
amount of angular misalignment therebetween.

A second tube yoke 16 1s secured, such as by welding, to
a second end of the driveshatft tube 135 for rotation therewith.
The second tube yoke 16 forms one part of a second
universal joint, indicated generally at 17. The second uni-
versal joint 17 1s also conventional 1n the art and includes an
end yoke (not shown) or other conventional fitting that 1s
connected to the second tube yoke 16 by a second conven-
tional cross assembly 18 1n a known manner. The end fitting,
can be connected to an input shait (not shown) of a con-
ventional axle assembly (not shown) so as to rotatably drive
wheels provided on the vehicle. The second universal joint
17 thus provides a rotational driving connection between the
second end of the driveshatt tube 15 and the input shaft of
the axle assembly, while permitting a limited amount of
angular misalignment therebetween.

As discussed above, the drive train system 10 1s fre-
quently subjected to mechanically-generated noise and
vibration as 1t 1s rotated during use. For example, it 1s known
that the gears contained within both the engine/transmission
assembly and within the axle assembly can generate unde-
sirable noise and vibration as they mesh during use. Because
the drive train system 10 1s connected between the output
shaft of the engine/transmission assembly and the input shaift
of the axle assembly, such noise and vibration are usually
transmitted thereto. Because of its relatively long physical
length, the drive train system 10 can function to further
amplify this undesirable noise and vibration, resulting 1n
undesirable operational characteristics and, at least in some
instances, damage to the components of the dnive train
system 10. The noise and vibration that 1s generated during
operation of the drive train system 10 typically occurs at a
variety of frequencies. However, the largest magnitude of
such noise and vibration usually occurs at or near a single
vibration frequency.
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To minimize the amount of such noise and vibration that
1s transmitted and amplified by the drive train system 10, 1t
1s known to provide a noise and vibration damper, such as
indicated generally at 20, on a component of the drive train
system 10. In the illustrated embodiment, the noise and
vibration damper 20 1s mounted on the slip yoke 11 of the
drive train system 10. However, 1t will be appreciated that
the noise and vibration damper 20 of this invention may be
mounted or otherwise provided on any desired portion of the
drive train system 10. When provided on the drive train
system 10, the noise and vibration damper 20 functions as a
torsional or inertia damper to absorb at least some of the
undesirable noise and vibration that 1s encountered by the
drive train system 10 as 1t 1s rotated during operation. As will
be explained 1n detail below, the noise and vibration damper
20 1s preferably tuned to vibrate at a frequency that 1s equal
to, but 1s 180° out-of-phase with, the above-discussed vibra-
tion frequency of the noise and vibration that 1s desired to be
dampened. Thus, the noise and vibration damper 20 can
function as a tuned absorber that absorbs the undesirable
noise and vibration applied to the drive train system 10 by
converting the mechanical energy thereof into heat energy
that 1s dissipated into the atmosphere to achieve the desired
damping eflect.

The structure of the noise and vibration damper 20 of this
invention 1s illustrated 1n detail 1n FIGS. 2 and 3. As shown
therein, the noise and vibration damper 20 includes an inner
annular member, indicated generally at 21, that 1s mounted
on the slip yoke 11. The inner annular member 21 of the
noise and vibration damper 20 includes a first, generally
axially extending portion 21a, a second, generally radially
extending portion 215, and a third, generally axially extend-
ing portion 21c. The first portion 21a of the inner member
21 extends generally axially relative to a rotational axis 11c
of the slip yoke 11 and engages an outer surface of the slip
yoke 11. In the 1llustrated embodiment, the first portion 21a
of the inner member 21 engages the yoke portion 115 of the
slip yoke 11 1n a press {it relationship, although such 1s not
required. The second portion 215 of the inner member 21 of
the noise and vibration damper 20 extends generally radially
outwardly from the first portion 21a. The third portion 21c¢
of the inner member 21 of the noise and vibration damper 20
also extends generally axially relative to the rotational axis
11c of the slip yoke 11 and 1s located a predetermined radial
distance R from such rotational axis 11c.

The noise and vibration damper 20 further includes an
intermediate member 22 that extends about the third portion
21c of the mner member 21. The intermediate member 22
can be formed from any desired material that possesses a
certain amount of elasticity or resilience. For example, the
intermediate member 22 can be formed from a conventional
polybutadiene polymer matenial, such as SAE J200 MSAA
710 A13 B13 F17 Z1 7Z2 material. However, as will be
explained further below, the selection of the specific material
can be varied. The intermediate member 22 can, for
example, be annular in shape and disposed about the third
portion 21¢ of the inner member 21. Alternatively, the
intermediate member 22 can be formed generally flat and
rectangular 1n shape and be wrapped about the third portion
21c of the mner member 21. Lastly, the noise and vibration
damper 20 includes an annular outer member 23 that extends
about the intermediate member 22. The outer member 23 1s
preferably sized such that the intermediate member 22 1s
compressed between 1t and the third portion 21¢ of the inner
member 21. Thus, the inner member 21, the intermediate
member 22, and the outer member 23 are Irictionally
retained together to form the noise and vibration damper 20.
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However, the intermediate member 22 and the outer member
23 can be secured to the inner member 21 by any other
conventional means, such as by adhesive bonding. The outer
member 23 extends generally axially relative to the rota-
tional axis 11¢ of the slip yoke 11 by a predetermined axial
distance D.

The mner member 21 of the noise and vibration damper
20 1s preferably formed from a sheet of material that is
deformed to a desired shape. As used herein, the term “sheet
of material” indicates a piece of material that 1s generally flat
and planar 1n configuration, having a thickness that 1is
relatively small in comparison to its overall length and/or
width. For example, the sheet of material used to form the
illustrated inner member 21 can be a sheet of sixteen gauge
steel having a thickness of approximately 0.0598 inch or
1.519 mm. However, other gauges of steel and other mate-
rials may be employed. Also, as used herein, the term
“deformed” 1ndicates that the sheet of material 1s re-config-
ured from its original shape (flat and planar, for example) to
a desired shape (such as the shape of the inner member 21
shown 1n FIGS. 2 and 3, for example) without the removal
of material (or at least a significant amount ol material)
therefrom. For example, the inner member 21 of the noise
and vibration damper 20 can be 1mitially formed from a flat,
annular sheet of a metallic material that 1s stamped or
otherwise deformed to the shape illustrated in FIGS. 2 and
3. However, the term “deformed” 1s not intended to preclude
all removal of material from the sheet of material. Rather,
the term “deformed” 1indicates that material 1s not removed
from the sheet of material during 1ts re-configuration from
its original shape to its desired shape. For example, 1t 1s
contemplated that material may be removed from the sheet
of material ancillary to 1ts re-configuration from its original
shape to 1ts desired shape (i.e., material may be removed
from a generally rectangular sheet of material to mitially
form the flat, annular sheet of material that 1s subsequently
stamped or otherwise deformed to the shape illustrated 1n
FIGS. 2 and 3). Preferably, the inner member 21 of the noise
and vibration damper 20 1s formed from a single piece of
maternal, although such 1s not required.

The outer member 23 of the noise and vibration damper
20 1s preferably formed from a tube of material having a
length that 1s selected to provide the desired dampening
frequency. As used herein, the term “tube” indicates a piece
of material that 1s generally hollow and cylindrical 1n shape,
having a wall thickness that 1s relatively small 1n comparison
to 1ts overall length. For example, the outer member 23 of
the noise and vibration damper 20 can be formed from a
hollow, cylindrical tube of a metallic material having a wall
thickness of approximately 0.120 inch or 3.048 mm that 1s
cut or otherwise provided at a length that 1s selected to
provide the desired dampening frequency. Preferably, the
outer member 23 of the noise and vibration damper 20 is
formed from a single piece of material, although such 1s not
required.

FIG. 4 1s a flow chart of a method, indicated generally at
30, 1n accordance with this invention for manufacturing and
installing the noise and vibration damper 20 illustrated 1n
FIGS. 1, 2, and 3 on the drive train system 10. In a first step
31 of the method 30, the vibration frequency of the drive
train system 10 1s determined. This determination 1s con-
ventional in the art and can be accomplished in any desired
manner. It 1s known that a wide variety of factors that can
contribute to determine the wvibration Ifrequency that 1is
generated and transmitted to the drive train system 10 for a
given vehicle or other structure. Thus, it has been found to
be convenient to determine the vibration frequency of the
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drive system 10 through the use of empirical measurements.
This typically involves installing the drive train system 10
on a vehicle and operating 1t at a variety of rotational speeds.
At each different rotational speed, the magnitude of the
vibrations that are present 1n the drive train system 10 are
measured using conventional sensing structures and tech-
niques. However, other methods of determining the vibra-
tion frequency of the drive train system 10 can be employed.
As mentioned above, the noise and vibration that 1s gener-
ated during operation of the drive train system 10 typically
occurs at a variety of frequencies. However, the largest
magnitude of such noise and vibration usually occurs at or
near a single vibration frequency.

Once the vibration frequency of the drive train system 10
has been determined, the components of the noise and
vibration damper 20 are next designed to absorb it, as shown
in a second step 32 of the method 30. This can be accom-
plished 1n several ways. The natural resonant frequency of
the noise and vibration damper 20 1s dependent upon a
variety of factors. This invention contemplates that the
natural resonant frequency of the noise and vibration damper
20 can be adjusted by varying either or both of (1) the
predetermined radial distance R that the third portion 21¢ of
the inner member 21 of the noise and vibration damper 20
1s located from the rotational axis 11c of the slip yoke 11,
and (2) the predetermined axial distance D that the outer
member 23 of the noise and vibration damper 20 extends. In
both instances, the overall weight distribution of the noise
and vibration damper 20 1s altered. As a result, the rotational
inertia (and, therefore, the natural resonant frequency) of the
noise and vibration damper 20 can be altered to absorb the
undesirable noise and vibration applied to the drive train
system and to minimize the amount of such noise and
vibration that 1s transmitted and amplified by the drive train
system at the previously determined vibration frequency of
the drive system 10.

As discussed above, the inner member 21 of the noise and
vibration damper 20 1s preferably formed from a flat, cir-
cular sheet of a metallic material that 1s stamped or other-
wise deformed to the shape illustrated 1n FIGS. 2 and 3. The
predetermined radial distance R can be varied during the
manufacture of the imner member 21. When the magnitude
of the predetermined radial distance R 1s increased, the
weight of the outer member 23 of the noise and vibration
damper 20 1s located a larger distance from the rotational
axis 11c of the slip yoke 11. As a result, the rotational inertia
of the noise and vibration damper 20 1s increased, and the
natural resonant frequency thereot 1s decreased. Conversely,
when the magnitude of the predetermined radial distance R
1s decreased, the weight of the outer member 23 of the noise
and vibration damper 20 1s located a smaller distance from
the rotational axis 11c¢ of the slip yoke 11. As a result, the
rotational inertia of the noise and vibration damper 20 1s
decreased, and the natural resonant frequency thereof 1is
increased.

To accomplish this, the predetermined radial distance R
can be varied by varying the relative sizes of the first portion
21a, the second portion 215, and the third portion 21¢ of the
inner member 21. Thus, for example, the predetermined
radial distance R can be increased by increasing the radial
extent of the second portion 215 of the imnner member 21 and
decreasing the axial extent of the first portion 21a or the
third portion 21¢ (or both) of the mner member 21. Con-
versely, the predetermined radial distance R can be
decreased by decreasing the radial extent of the second
portion 215 of the inner member and increasing the axial
extent of the first portion 21a or the third portion 21¢ (or
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both) of the inner member 21. In this manner, the predeter-
mined radial distance R can be varied without changing the
s1ze of the flat, circular sheet of material. Alternatively, the
predetermined radial distance R can be varied by varying the
size of the flat, circular sheet of material. This would allow
the radial extent of the second portion 215 of the inner
member 21 to be varied without changing the axial extent of
the either first portion 21a or the third portion 21¢ of the
inner member 21. The specific amounts by which the natural
resonant Irequency of the noise and vibration damper 20 are
increased and decreased will vary with a variety of factors
(the composition of the material, for example) and can be
determined 1n any desired manner.

As also discussed above, the outer member 23 of the noise
and vibration damper 20 1s preferably formed from a tube of
material having a length that 1s selected to provide the
desired dampening frequency. The predetermined axial dis-
tance D can be varied during the manufacture of the inner
member 21. When the magnitude of the predetermined axial
distance D 1s increased, the weight of the outer member 23
of the noise and vibration damper 20 1s larger. As a result,
the rotational inertia of the noise and vibration damper 20 1s
increased, and the natural resonant frequency thereof 1is
decreased. Conversely, when the magnitude of the predeter-
mined axial distance D 1s decreased, the weight of the outer
member 23 of the noise and vibration damper 20 1s smaller.
As a result, the rotational inertia of the noise and vibration
damper 20 1s decreased, and the natural resonant frequency
thereot 1s 1ncreased. To accomplish this, the outer member
23 of the noise and vibration damper 20 can be cut from a

length of stock tubing to the desired predetermined axial
distance D.

The next step 33 of the method 30 1s to assemble the inner
member 21, the intermediate member 22, and the outer
member 23 to form the noise and vibration damper 20. As
discussed above, the outer member 23 1s preferably sized
such that the intermediate member 22 1s compressed
between i1t and the third portion 21¢ of the inner member 21.
Thus, the inner member 21, the intermediate member 22,
and the outer member 23 are frictionally retained together to
form the noise and wvibration damper 20. However, the
intermediate member 22 and the outer member 23 can be
secured to the inner member 21 by any other conventional
means, such as by adhesive bonding. In the final step 34 of
the method, the noise and vibration damper 20 1s 1nstalled on
the slip yoke 11 or other component of the drive train system
10. As discussed above, the first portion 21a of the inner
member 21 can be sized to engage the yoke portion 115 of
the slip voke 11 1n a press fit relationship. However, the inner
member 21 can be secured to the drive train system 10 1n any
desired manner.

FIG. S illustrates a prior art embodiment of a noise and
vibration damper, indicated generally at 40, installed on the
slip yoke 11 of the drive train system 10. The prior art noise
and vibration damper 40 included an annular inner member
41, an intermediate elastomeric member 42 that extends
about the inner member 41, and an outer member 43 that
extended about the intermediate elastomeric member 42.
Both the inner member 41 and the outer member 43 were
formed from solid blocks of material that were machined to
provide the desired shapes therefor. Because they were not
formed from a “sheet of material” or a “tube of material™ as
described above, the inner member 41 and the outer member
43 are somewhat heavier and more expensive to manufac-
ture than the corresponding inner member 21 and outer
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member 23 of the noise and vibration damper 20 of this
invention. Furthermore, because they were not “deformed”
as described above, the inner member 41 and the outer
member 43 are somewhat more expensive to manufacture
than the corresponding inner member 21 and outer member
23 of the noise and vibration damper 20 of this mvention.

In accordance with the provisions of the patent statutes,
the principle and mode of operation of this invention have
been explained and illustrated 1n its preferred embodiment.
However, 1t must be understood that this invention may be
practiced otherwise than as specifically explained and illus-
trated without departing from 1ts spirit or scope.

What 1s claimed 1s:

1. A method of manufacturing a noise and vibration
damper for use with a rotatable structure having a vibration
frequency comprising the steps of:

(a) providing an mner member;

(b) providing an intermediate member formed from an
clastomeric material that extends about the mnner mem-
ber; and

(¢c) providing an outer member that extends about the
intermediate member, wherein either said step (a) 1s
performed by forming the inner member from a sheet
of material that 1s selected to provide a desired damp-
ening frequency that 1s based upon the vibration fre-
quency of the rotatable structure, or said step (c) 1s
performed by forming the outer member from a tube of
material having a length that 1s selected to provide a
desired dampening frequency that 1s based upon the
vibration frequency of the rotatable structure.

2. The method defined 1n claim 1 wherein said step (a) 1s
performed by forming the inner member from the sheet of
material.

3. The method defined 1n claim 1 wherein said step (a) 1s
performed by forming the inner member from the sheet of
material having a first portion that extends generally axially
relative to an axis of rotation of the noise and vibration
damper, a second portion that extends generally radially
relative to said axis of rotation, and a third portion that
extends generally axially relative to said axis of rotation.

4. The method defined 1n claim 1 wherein said step (a) 1s
performed by forming the inner member from the sheet of
material that has been deformed to a desired shape.

5. The method defined 1n claim 1 wherein said step (a) 1s
performed by forming the inner member from the sheet of
material that has been deformed to have a first portion that
extends generally axially relative to an axis of rotation of the
noise and vibration damper, a second portion that extends
generally radially relative to said axis of rotation, and a third
portion that extends generally axially relative to said axis of
rotation.

6. The method defined 1n claim 1 wherein said step (c) 1s
performed by forming the outer member from the tube of
material having a length that 1s selected to provide a desired
dampening frequency.

7. The method defined 1n claim 1 wherein both said step
(a) 1s performed by forming the inner member from the sheet
of material, and said step (c) 1s performed by forming the
outer member from the tube of material having a length that
1s selected to provide a desired dampening frequency.

8. A method of manufacturing a combined noise and
vibration damper and rotatable structure comprising the
steps of:

(a) determining a vibration frequency of the rotatable

structure;

(b) providing a noise and vibration damper including an
inner member, an intermediate member that extends
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about the inner member, and an outer member that 9. The method defined 1n claim 8 wherein said step (c) 1s
extends about the intermediate member, wherein either performed by deforming the sheet of material forming the
the inner member 1s formed from a sheet of maternial or inner member.

the outer member 1s formed from a tube of matenal;

(c) etther deforming the sheet of material forming the 5
inner member or selecting the length of the tube of
material forming the outer member to provide a desired

10. The method defined 1n claim 9 wherein said step (¢)

1s performed by adjusting a radial distance of a portion of the
inner member.

dampening frequency for the noise and vibration | 11. The method deﬁned in claim 8 wherejin said step (C)
damper that is based upon the vibration frequency of 1S pe{‘fonned by selecting the length of the tithe of material
the rotatable structure; and 1o forming the outer member.

(d) installing the noise and vibration damper on the
rotatable structure. £ % % k%
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